Titrimetric estimation of calcium with disodium ethylene diamine tetra-acetate (E.D.T.A., sodium edetate), as performed on serum (Baron and Bell, 1957) , cannot be applied directly to most other biological specimens because of their high concentration of phosphate. A high ratio of phosphate to calcium in the material titrated causes a drawnout and inaccurate endpoint. A rapid procedure for calcium determination has been devised which gives accurate results after separation of phosphate.
METHOD

Reagents
(1) Deionized or glass-distilled water must be used throughout all stages of the procedure.
(2) For Ashing.-N-HCl is used. (c) E.D.T.A. solution for which 0.93 g. disodium ethylene diamine tetra-acetate (E.D.T.A.) is dissolved in water and the solution made up to 1,000 ml.
(d) Stock Calcium Solution (100 mg./100 ml.). To 2.5 g. CaCO3 A.R. (previously dried at 105°for 24 hours) is added about 200 ml. water followed by 50 ml. N-HCI. After standing overnight the solution is diluted to 1,000 ml.
(e) Calcein-thymolphthalein Indicator. Calcein, 0.2 g. (the Hopkin and Williams material has been found suitable), 0.12 g. thymolphthalein, and 20 g. potassium chloride are ground together to a fine powder (Tucker, 1957 Faeces.-The specimen is mixed and diluted to a thin, creamy consistency, of expected calcium concentration 10-30 mg. /100 ml. It is usually convenient to homogenize the faeces (with addition of water if necessary), then an aliquot is taken which is equivalent to 1/10 of the daily faecal excretion and this is diluted 1 in 5.
Food.-The food is cut into small pieces and homogenized, adding water if necessary. The approximate calcium content of food is usually known, and it should be diluted so that the expected calcium concentration is about 20 mg./100 ml.
Milk.-The specimen is diluted so that the expected calcium concentration is about 20 mg./100 ml. A dilution of 1 in 5 is normally suitable for cow's milk.
Urine (and Other Fluids).-The calcium concentration of urine varies over a wide range. Very often in clinical work an estimate of the urinary calcium concentration can be obtained by reference to the patient's condition. This is not usually possible in experimental work and then it is advisable to carry out a screening test as described below. The commonly used Sulkowitch test (Barney and Sulkowitch, 1937) for urinary calcium was not found reliable enough for our purposes.
To each of two test-tubes are added 5 ml. of glycine buffer, 1 ml. of E.D.T.A., and 0.5-1 mg. of calceinthymolphthalein indicator. Then 2 ml. urine is added to the first tube and 0.2 ml. to the second tube. The calcium concentration of the urine may then be e,timated by viewing in diffuse light.
No failure of recovery is encountered with urines containing calcium deposits of calcium phosphate or oxalate. The urine must be shaken thoroughly before an aliquot is taken for phosphate precipitation, at which stage these calcium salts go into solution.
Bone.-Marrow and fat-free bone is prepared by refluxing with Bloor's mixture as described by Follis (1952) . About 100 mg. of the prepared bone is digested at 1000 C. in about 10 ml. of 3N-HC1 for a few hours until solution is complete. The volume is then adjusted to 100 ml. with distilled water.
Teeth. 
RESULTS
Each stage of the method has been examined. Ashing Table I shows that ashing is generally not necessary for the analysis of calcium in the biological specimens described here apart from soft tissues. Muscle (a typical soft tissue) was not accurately analysed by homogenization without ashing, and in such cases it is necessary to ash. Table II shows that the ashing procedure adopted did not result in loss of calcium, and that, although adding acid before ashing, as described by Horner (1955) , is unneCessary, dilute acid must be used to extract the ash.
Phosphate Separation Compared with Oxalate
Precipitation Serum calcium may be estimated directly without phosphate precipitation (Baron and Bell, 1957) , but it is impossible to obtain a clear endpoint with urine and most other biological specimens by this method because of the interference caused by phosphates (Collier, 1955) .
Morpholine nitrate and tungstate (Horner, 1955) have proved entirely satisfactory for removing phosphate before titration of calcium, resulting in an easily read end-point, no loss of calcium, or introduction of interfering ions. Muscle. 59 4-5 5 9
6.5 mg./100 g.
56J
The biological specimens were prepared as described in the methods section. nd the ash taken up in the mixtures shown above. Calcium was estimated by the accepted oxalate procedure of Clark and Collip (1925) .
(b) The serum was also titrated directly, without phosphate precipitation, by the method of Baron and Bell (1957) . Table III shows a comparison between the results of calcium analysis by this method (which takes one and a half hours to complete) and by standard oxalate precipitation methods. It can be seen that the compleximetric method seems to give results that are slightly lower, which has also been noted for serum analysis by Wilkinson (1957) . 
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Present Method.-Specimens of food, faeces, bone, teeth, and urine were prepared without ashing and muscle with ashing as described in the methods section, phosphate was precipitated with morpholine nitrate and tungstate, and calcium determined by E.D.T.A. titration. Micro-analysis of calcium, using 0-1 ml. cf the supernatant after phosphate precipitation as described in the methods section, was performed for those results marked by an asterisk.
Oxalate Method.-Specimens of food, faeces, muscle, and milk were ashed overnight at 5000, the ash dissolved in N-HCI and diluted to volume with distilled water. Bone and teeth samples were prepared as described in the methods section. Urine was used without preparation. Calcium was estimated by oxalate-permanganate procedures by the methods of King and Wootton (1956) for urine and milk and of Hawk, Oser, and Summerson (1954) Precipitation of phosphate using zirconium nitrate, a method which was modified from that described by Vogel (1954) , was also tried, but did not prove satisfactory. While this work was in progress, another method of phosphate precipitation using metastannate was described (Ling, 1958 Indicators
In addition to calcein-thymolphthalein the other indicators investigated were " calcon," 1-(2-hydroxy -1 -naphthylazo)-2-naphthol-4-sulphonic acid (Hildebrand and Reilley, 1957) , and " cal-red," 2 -hydroxy -1 -(2-hydroxy-4-sulpho-l-naphthylazo)-3-naphthoic acid (Patton and Reeder, 1956 (Table IV) . Recovery and Accuracy Recovery experiments were carried out using calcium oleate for faeces, calcium phosphate for food, calcium chloride for urine, and calcium lactate for milk. These compounds were used because they are the commonly occurring compounds of calcium in these biological specimens. Table V shows that satisfactory recovery of calcium was obtained in all cases.
In order to test the reproducibility of the method, calcium was estimated eight times on one urine. The coefficient of variation was 3.3 %, the mean calcium concentration being 17.4 mg./100 ml. 
Interference
The effects of magnesium and barium on the estimation of calcium by this method were tested (Table VI) .
Magnesium sulphate was added to a solution of bone (prepared as described above), and to urine, to give in each case an increase in the magnesium concentration of about 25 mg. /100 ml. Although the added magnesium concentration of the urine was seven times as great as the calcium concentration no effect was observed on the calcium estimated. Similarly, added magnesium did not alter the estimated calcium concentration in bone.
A large quantity of barium, as barium sulphate (1 g. to 50 ml. prepared faeces sample), had only a small effect on the estimated calcium. This concentration of barium might be found in the faeces of a patient after barium sulphate had been given for radiological examination. DISCUSSION It was necessary to devise a method of calcium estimation that was applicable to any sort of biological specimen, whether of high or low calcium concentration. The method had to be accurate and speedy, and capable of performance in any biochemical laboratory without specialized equipment.
The classical method of calcium estimation in biological samples involved ashing of the sample and precipitation of the calcium as oxalate before eventual permanganate titration or gravimetric analysis (Hawk et al., 1954 Otherwise it is necessary to use a specially designed instrument (MacIntyre, 1957) or an expensive commercial instrument (Jackson and Irwin, 1957) (Horner, 1955; Wilkinson, 1957; Dunstone, 1957) is not completely satisfactory as a routine method because the indefinite end-point cannot be determined visually. This makes it necessary to perform the titration in an absorptiometer.
The newer indicator,. "calcein " (Diehl and Ellingboe, 1956) , gives a sharp end-point for calcium at a pH of about 12.5 and magnesium is not estimated. This end-point is detectable by the naked eye without any difficulty when the fluorescence of the " calcein " is masked by thymolphthalein (Tucker, 1957 
